A new method of probing Lorentz invariance in the neutron sector is described. The method is baed on stable quartz bulk acoustic wave oscillators compared on a rotating table. Due to Lorentz-invariance violation, the resonance frequencies of acoustic wave resonators depend on the direction in space via a corresponding dependence of masses of the constituent elements of solids. This dependence is measured via observation of oscillator phase noise built around such devices. The first such experiment now shows sensitivity to violation down to the limitc n Q = (−1.8±2.2)×10 −14 GeV. Methods to improve the sensitivity are described together with some other applications of the technology in tests of fundamental physics.
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The possibility that physics beyond the Standard Model might violate Lorentz invariance [1] [2] [3] has motivated a broad range of precision tests of fundamental properties of Nature. Typically in such experimental tests, one compares two clocks that probe two orthogonal directions in space and measure frequency deviations due to Lorentz-invariance violations over significant amount of time. This time is required to collect enough statistics associated with clock rotations and boosts. Usually, three types of clock rotation in the Sun-centred frame are taken into account: Earth rotation around the Sun, Earth rotation around its axis, and rotation of an experimental setup on a turntable. Considering these requirements, many tests of Lorentz symmetry are not limited by clock stability but often by systematic effects from wobble and tilt of the turntable, and the ability to acquire data over long stretches of time. Due to these difficulties, not all sectors of the Standard-Model Extension (photon, neutron, electron, etc.) are explored equally well. Moreover, within one sector some coefficients might be very well bounded by, for instance, using astrophysical observations and others are left untouched. Thus, there is a need for novel approaches to test Lorentz symmetries in all sectors as well as to cross check techniques.
A new method of studying Lorentz invariance in the neutron sector using quartz bulk acoustic wave (BAW) oscillators and resonators has been recently proposed. 4 This approach is based on the fact that violations of Lorentz invariance in the matter sector generate anisotropies in the inertial masses of particles and the elastic constants of solids, giving rise to measurable anisotropies in the resonance frequencies of acoustic modes in mechanical resonators. It means that mechanical properties of solids and thus associated acoustical frequencies of BAW resonators depend on the direction in space via the Lorentz anisotropy of particles. While nowadays the frequency stability of quartz BAW oscillators is surpassed by atomic clocks, it offers a simple, robust and reliable method of time keeping with oscillating masses with all systematics well understood and characterized. Moreover, quartz BAW oscillators are the most stable frequency references based on the mechanical motion of macroscopic objects.
Two room-temperature voltage-controlled quartz oscillators (2 × 10
frequency stability) are used in the current version of the experiment. These oscillators are based on stress-compensated cut quartz BAW resonators working on the slow shear thickness mode exhibiting a frequencytemperature turnover point (Fig. 1A) . The oscillators are placed inside magnetic shields on a turntable in such a way that the corresponding displacement vectors point in orthogonal directions (Fig. 1B) . The setup is rotated to induce possible modulation signals associated with the Lorentz anisotropies (Fig. 1C) . In other words, the experiment is a measurement of frequency fluctuations coming from mass variation due to rotation of the experimental setup. Similar setups are used to characterize frequency stability of different types of oscillators. The setup proved to be reliable and robust with all systematics including ageing, vibration, and temperature sensitivity well understood. The data have been collected for 120 hours providing the frequency resolution of out all possibilities for Lorentz-violating anisotropies in the inertial masses of neutrons, protons, and electron. This result is found to be a few orders of magnitude improvement over previous laboratory tests and astrophysical bounds.
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The presented results can be improved further using one of the following approaches: (1) more stable room temperature quartz oscillators (the best frequency stability of room temperature oscillators achieves 2.5 × 10 −14 );
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(2) other methods to probe phonon systems (optomechanics, phonon laser); (3) oscillator arrays (employ crosscorelation techniques to reduce uncorrelated noise that can help to go beyond the single oscillator noise limit); (4) data from BAW quartz oscillators in space missions (DORIS system, satellites Jason-1,2,3); 7 and (5) cryogenic quartz oscillators (four orders of magnitude improvement in Q factors). 8 The latter approach is based on the ultra-high quality factors of phonon trapping acoustic resonators (approaching 10 10 ), 9,10 promising frequency stabilities as low as 2 × 10 −16
and, thus, about four orders of magnitude improvement over the current experiment. In addition to the described tests of Lorentz invariance in the matter sector, the same BAW quartz technology can be used for other experiments in fundamental physics, such as high-frequency gravity-wave detection 11 from different proposed sources, dark-matter searches, 12 probing Planckscale physics, 13 etc., as well as in applications of quantum technology. 
